Territorial male songbirds have the ability to discriminate between the songs of their neighbours and those of strangers and for a few species it has been shown that they maintain this ability from one breeding season to the next. To better understand the acoustic basis of this long-term discrimination ability we studied song stability across two breeding seasons in a migratory songbird with high inter-annual return rates and territory stability, the black redstart, Phoenicurus ochruros. Strophe repertoires of 14 males ( 2 years old) were stable from one breeding season to the next and high strophe sharing occurred for males within the same group of houses or hamlets (81%) in contrast to only limited sharing between different hamlets (15%). However, subtle differences exist between the renditions of the same strophe sung by neighbouring males and these differences equally show an inter-annual stability, providing an acoustic basis for long-term discrimination abilities. Playback tests showed the existence of a strong dear-enemy effect: males reacted less aggressively to the familiar, often shared song of a neighbour than to a stranger unshared song and this pattern was maintained when birds returned from migration one year later. We discuss on one side the possible mechanisms leading to the observed patterns of song sharing and on the other side the significance of stable vocal signatures for neighbour recognition.
Introduction
Vocal neighbour-stranger discrimination in birds was first revealed using playbacks more than half a century ago (Weeden & Falls, 1959) : males of a territorial songbird, the ovenbird, Seiurus aurocapillus, showed a lower aggressive display to familiar neighbouring birds versus strangers. This response was later defined as the dear enemy effect (Wilson, 1975 ) using a term previously coined by James Fisher (Fisher, 1954) . Since then, neighbourstranger discrimination has been shown for a large number of songbirds (Temeles, 1994; Stoddard, 1996) but also owls (Hardouin et al., 2006) and other territorial vertebrates such as fish (Myrberg & Riggio, 1985) , amphibians (Jaeger, 1981; Davis, 1987) , reptiles (Fox & Baird, 1992) or mammals (Rosell & Bjørkøyli, 2002) and also invertebrates (Langen et al., 2000) .
Most studies of the dear enemy effect have been confined to a short-term period, although one can imagine that maintaining this discrimination ability in the long-term may be of great importance to territorial birds. From one year to the next, many songbird males return to the same breeding territory and hence shared territory boundaries can persist across seasons (Godard, 1991; Beecher & Akçay, in press) . By reducing aggressive interactions males returning from migration could save time for other important activities, such as foraging or mate attraction. Up to now the existence of a long-term neighbour discrimination ability has only been reported for two songbird species, the hooded warbler, Wilsonia citrina (Godard, 1991) and the dusky warbler, Phylloscopus fuscatus (Forstmeier & Balsby, 2002) . However, these papers did not analyse songs' spectrographic features of the tested birds and of their neighbours during the study period and therefore nothing is known on the proximate mechanisms behind this long-term discrimination ability.
A possible proximate mechanism could be the existence of individual signatures in bird songs that are stable from one breeding season to the next. This is a very plausible mechanism since the existence of inter-annual stable individual vocalisations has been described for several non-songbird species, e.g., the corncrake, Crex crex (Peake et al., 1998 ) the great bittern, Botaurus stellaris (Gilbert et al., 2002) and the eagle owl, Bubo bubo (Grava et al., 2008) . However, for songbirds, despite the existence of individual signatures , there is very scarce evidence of their stability between years and results seem to vary among species. For example, in the ortolan bunting, Emberiza hortulana there is syllable stability between years (Osiejuk et al., 2005) while in the great reed warbler, Acrocephalus arundinaceus, syllables tend to change over years (Węgrzyn et al., 2009) and the authors suggest that a vocal stable signature over the years would not be important in species where groups do no last more than one breeding season (Węgrzyn et al., 2009) . Indeed, one could imagine that tracking an individual signature in the long-term could be facilitated in species with stable neighbourhoods (either resident or with high adult returning rates to their breeding ground) and small song repertoires that stay stable throughout bird's life.
In black redstarts, Phoenicurus ochruros males sometimes share boundaries over several years as a consequence of high migration return rates combined with a high degree of site fidelity (Musseau, 2007) . The existence of a stable individual signature, enabling to differentiate between neighbours and strangers over time could be valuable under these conditions. Moreover, male black redstarts remember the song of the closely related common redstart, Phoenicurus phoenicurus from one season to the next (Sedlácek et al., 2006) . For these reasons, black redstarts provide a strong model species for the study of inter-annual song stability and the possible consequence in the recognition of neighbours and strangers. Even more so for our study population where black redstarts establish territories exclusively in areas occupied by human buildings, which provide them with suitable nesting habitat (old walls made out of stones, attics). The main consequence of this specific habitat selection by the birds is a very patchy individual distribution with bunches of houses (hamlets) hosting 1 to 8 different singing males. This patchy, easily accessible distribution combined with high breeding site fidelity is the reason we choose this population in particular to study song stability and neighbour recognition over a long-term period.
We aimed to describe repertoire and song structure stability, as well as neighbour-stranger discrimination patterns over a two-year period in male black redstarts. Recordings over two consecutive breeding seasons were carried out in order to test if song repertoires are stable and if individual signatures exist and persist between different years while playback tests were equally carried out both years to test for the existence of the dear enemy effect and its inter-annual stability. We predicted that males will react less aggressively to the shared familiar songs of their neighbours than to unshared stranger songs and that response pattern will be equally maintained when birds return from migration next spring.
Methods

Study population and song recordings
We studied a rural migratory population of black redstarts at La Valla sur Rochefort, France (45°45 N, 3°50 E; mean altitude of 863 m); for details see (Draganoiu et al., 2005 (Draganoiu et al., , 2006a . Black redstart males have a delayed maturation plumage: one-year old males (first time breeders) have a female like grey plumage and they acquire their definitive black plumage at the end of their first breeding season (Landmann & Kollinsky, 1995) ; differences exist also between the songs of first year breeders and older males (Cucco & Malacarne, 1999) . Throughout the whole study, only males in their definitive plumage (second breeding season or more) were used. Singing males were recorded during five breeding seasons (2002-2004 and 2007-2008) and playback experiments were carried out during two consecutive breeding seasons, 2007 and 2008. Males were mist-netted and colour-ringed within an authorised program of the French Ringing Scheme (ringers: T.D. and Raphael Musseau). Males established territories that always overlapped built surfaces (houses, farms, garages) and defended them by singing from roofs, electricity poles, aerials, chimneys or nearby trees.
During the 2002-2004 period birds were recorded with a TELINGA PRO4B (frequency range 40 Hz-18 kHz) microphone mounted on a parabola and connected to a TASCAM DA-P1 digital audiotape recorder (frequency responses 20-20 000 Hz ± 0.5 dB). In 2007 and 2008 we used for recordings two models of Sennheiser microphones (MKH70 P48 and ME67 System K6, both with a frequency range of 50-20 000 Hz ± 2.5 dB) connected to equally two different types of Marantz audio-tape digital recorders (PMD 620 and PMD 670, both with a frequency response range of 20-20 000 Hz ± 1 dB). 
Song analyses: repertoire size
Black redstart songs are composed of two distinct strophes (most commonly containing the repetition of one syllable), which will be called the beginning and the ending strophe. These were previously described as the first part and the final part (Cucco & Malacarne, 1999) or part A and part C (Apfelbeck et al., 2012). The main difference between the two is that the ending strophe is preceded by a harsh sound with a large frequency bandwidth (Figure 1 ) -called part B by Apfelbeck and colleagues. On one side strophes can be sung independently of each other (as incomplete or truncated songs) and on the other side most strophes are exclusively sung as beginning or ending strophes but some strophes can be sung as well as beginnings or endings -called mobile strophes. For these two reasons repertoire size was measured both as the number of different strophes that a male produces (strophe repertoire) and as the number of different combinations that these strophes may yield (song repertoire). Males with the same number of strophes in their repertoire can differ in the number of the combinations (songs) they are able to sing. For example, a male with one exclusive beginning strophe (B 1 ) and two exclusive ending strophes (E 1 and E 2 ) will have two different combinations (B 1 E 1 and B 1 E 2 ) whereas a male that has one exclusive beginning strophe (B 1 ), one exclusive ending strophe (E 1 ) and a mobile strophe (M 1 ) can produce up to four different combinations (B 1 E 1 , M 1 E 1 , B 1 M 1 and M 1 M 1 ).
Repertoire sizes (N = 36) were determined by analysing a mean of 109 ± 11 (data are always given as mean ± SE) songs/individual (range 20-268) that were recorded on 2.6 ± 0.3 different days (range 1-6). A mean of 3.8 ± 1.3 songs (range 1-40) was sufficient to obtain the full strophe repertoire of a bird and a mean of 10.4 ± 1.5 songs (range 1-98) was needed to obtain a full song repertoire (all the combinations that a male can produce) so we are confident that our results (both strophe and song repertoires) are not underestimated. Males with more than one combination in their repertoire sing with immediate variety and in most cases they cycle rapidly both through their strophe and song repertoire; however, we met a few cases when a male had uncommon strophes or combinations of strophes in his repertoire.
Among these 36 birds, 13 individuals could be recorded in two different years (1 in 2002 and 2003, 1 in 2002 and 2004 and 11 in 2007 and 2008) and one male was recorded during three consecutive years (2002) (2003) (2004) . The exact age was known for only one male (ringed as a nestling), who was recorded when three and five years old respectively. The 13 other males were first recorded when they were at least two years old (black plumage) and the second time when they were at least three years old. For these 14 birds we recorded a total of 163 ± 17 songs/male during 2-6 recording sessions: 62 ± 12 songs (range 12-182) in the first year (1.7 ± 0.2 of recording sessions/male) and 100 ± 19 songs (range 16-221) during the second year (2.6 ± 0.3 of recording sessions/male) that we analysed to define both strophe and song repertoire size.
Song sharing and song stability
On one side males territories exclusively overlapped human buildings and on the other side houses were clustered in hamlets: this created an uneven bird distribution and the existence of local neighbourhoods. A total of 25 males were recorded in nine different hamlets or bunches of houses (mean size 2064 ± 398 m 2 , range 618-4367 m 2 , separated by an average distance of 1275 ± 101 m, range 175-2400 m) during the 2007 breeding season: four hamlets hosting two males each, three others containing three males each, and the last two hamlets enclosing four males each. The territories of these males within a hamlet were either adjacent or separated by one (several cases) or two (1 case) territories. The proportion of strophe repertoire sharing (RS) between two males was calculated according to the method described by McGregor & Krebs (1982) : 2N s /(R 1 + R 2 ), where N s is the number of strophes shared by the two males and R 1 and R 2 are the repertoire sizes of the two individuals. From there on, we calculated RS scores within each of the 9 hamlets by averaging all the RS scores between the different pairs of individuals recorded in that hamlet. Secondly, between two hamlets RS scores were obtained by calculating the mean of RS scores between all the possible pairs of males from two different hamlets.
In order to test if individual differences in the rendering of a strophe type were stable in time, several frequency and time parameters were measured on the spectrograms of four different strophes (of 8 different individuals), each one shared by two neighbours in a different hamlet (Figures 2 and 3) , We then performed a discriminant analysis for each of the four neighbouring pairs (using measurements shown in Figure 3 ) using a subset validation procedure for classifying each vocalisation: strophes recorded in 2007 (14.9 ± 2.5 strophes/individual, N = 8) were used as a 'training' set whereas strophes recorded in 2008 (21 ± 2.4 strophes/individual, N = 8) were used as a 'test' set. Thus, the strophes recorded in 2008 were classified using the discriminant functions generated with the strophes recorded in 2007. All statistical tests were done with Statistica 7.1 software.
Playback experiments
Previous studies have shown that male black redstarts highly react to conspecific playback songs (Sedlácek et al., 2006; Draganoiu et al., 2006b) and that both first year males (grey plumage) and older ones ( 2 years old, black plumage) respond more strongly to the playback of songs belonging to males of their own age class (Cucco & Malacarne, 1999) . To avoid an age confounding effect, we only tested males in their second breeding season or more (black plumage). During the 2007 breeding season (1 May-12 June), 26 males were tested with the song of an immediate neighbour and a stranger, which was a male from a different hamlet, found at a mean distance of 1098 m (300-2200 m) from the tested bird. In a test session (between 6.30 and 10.30 a.m.), both the neighbour and the stranger songs were sequentially presented to the tested bird from the common boundary with that particular neighbour (defined through daily observations in the field during the month preceding the test), separated by a period of silence of minimum 30 min. Tests were carried out while the non-tested neighbour was not in view or singing and the loudspeaker was directed to the centre of the focus bird. Neighbouring individuals did not interfere with playbacks. Our stimuli set came from 22 different males out of the 26 tested. If a male had more than one song in his repertoire, we used only the most frequently emitted one for the playback stimulus. In order to avoid pseudoreplication our playback songs were made up of 10 distinct songs of the same song type for 14 of these 22 stimuli, 5 distinct songs for 5 stimuli, 3 distinct songs for 1 stimulus and 2 distinct songs for 2 stimuli. Playback treatments lasted 5 min at a rate of 6 songs/min, which is similar to the one observed in the field during spontaneous dawn singing (one song every 10 ± 0.8 s (range 7.4-15.7), N = 366 songs from 10 different individuals). Songs were broadcasted from a Megavox PB635 loudspeaker (placed on fence poles and tree branches at 1-2 m from the ground or on the ground if no natural support was available) connected to a Marantz PMD670 tape-recorder at a song intensity of 98.03 ± 0.51 dB at 1 m of the loudspeaker using a Lutron SL-4001 sound level meter (A weighting). We tried to match the song intensity perceived by ear in natural conditions. The order of presentation (neighbour/stranger) was randomised and 17 out of the 22 stimuli used were broadcasted twice, once as a neighbour stimulus and once as a stranger. Moreover, 16 of these 17 stimuli were paired two by two: in eight cases, two different males were tested with the same pair of songs presented in the same order but the 'stranger' stimulus for one bird was the 'neighbour' stimulus for the other one and vice versa.
During the 5 min of playback (TEST period) as well as during the 5 preceding and following minutes (PRE-TEST and POST-TEST periods, respectively) we recorded the closest approach to the loudspeaker, the number of flights over the loudspeaker and the time spent within a 5-m radius around the loudspeaker. We used a PCA in order to obtain a unique measure of these three behavioural measures after which the individual coordinates on the first factor of the PCA were further used in paired t-tests to compare the birds' responses to our two different stimuli (the neighbour and the stranger songs). A total of 23 males responded to our tests and repertoires were known for 21 of them. None of the stranger stimuli was shared by the tested males. Concerning the neighbour stimuli, 15 of them entirely matched a song of the tested male, in four cases only one strophe of the song matched one of the strophes of the tested male and in two cases the song was not shared by the tested male.
In our study population, males leave their breeding grounds during the month of October and return five months later. In order to test the persistence of the dear enemy effect we equally tested the returning males in 2008 with the same stimuli and experimental procedure as the previous year (2007), before or on the very same day of arrival of their last year's neighbour. The hamlets were explored on a daily basis during the month of March 2008 with 11 of the 21 ringed males returning during the month of March and one extra bird returning in May. We tested those birds that kept the same territory as the previous year (9 out of 11). None of the stranger stimuli was shared by the tested males. Concerning the neighbour stimuli, two of them entirely matched a song of the tested male and in two cases only one strophe of the song matched one of the strophes of the tested male.
Results
Song organisation, repertoire size and inter-annual stability
An analysis of 3458 songs produced by 36 males (a mean of 96 ± 10 songs/male) shows that the complete song (two strophes, see Figure 1 ) was produced in 67% of the cases (41-100%). The first strophe alone was produced in 23% of the cases (0-59%) and only 10% (0-31%) of the songs were composed of only the second strophe. Both strophes are generally composed of a repetition series of one syllable and most of them occur either exclusively in the beginning or in the ending strophe but more rarely some syllables can be found in both strophes (mobile syllables).
A male has in his repertoire (N = 36) between two and four different strophes (2.86 ± 0.1), which were used as follows: 1.17 ± 0.1 exclusive beginning strophes (range 0-2), 1.44 ± 0.1 exclusive ending strophes (range 1-3) and 0.25 ± 0.1 mobile ones (range 0-2). The combinations of these strophes can yield between one to six different songs (mean ± SE song repertoire of 2.44 ± 0.2). All 14 males that have been recorded over two (N = 13) or three (N = 1) years showed no modification of their strophe repertoire from one year to the other, with no strophe added or dropped. The song repertoire was also remarkably stable over years, with only small differences observed for no more than three males. Two males had a larger song repertoire in the first year of recording due to a rare use of a mobile strophe. A third male kept an identical strophe and song repertoire size but interchanged one exclusive beginning strophe with a mobile one between the two years.
Strophe sharing and individual signatures
Males within the same hamlet often shared one or more of their strophes whereas this occurred more rarely between males belonging to distinct hamlets (for example spectrograms of shared songs see Figure 2 ). The mean sharing score within a hamlet was 0.81 ± 0.07 (N = 9, range 0.27-1), whereas the mean sharing score between two different hamlets was 0.15 ± 0.02 (N = 36, range 0-0.54). There is a non-significant negative relation between the inter-hamlet distance and the strophe sharing level between those hamlets (Spearman's r, r = −0.32, N = 36, p = 0.056). However, when two or several males within a hamlet sang the same strophe, small inter-individual differences were observed by the visual inspection of spectrograms and these differences were consistent from one breeding season to the next (Figure 2) . Indeed, strophes recorded in 2007, used to build the discriminant functions ('training' set), were attributed to the correct individual in 100% of the cases for 7 individuals and in 95% of cases for 1 bird (only 1/119 strophes was misclassified) (see Table 1 ). Subsequently, the strophes Figure 2 and analysed variables in Figure 3 ).
Hamlet
Number recorded in 2008, used as a 'test' set, were attributed to the correct individual in 100% of the cases for 7 individuals and in 95% of the cases for 1 bird (1/168 strophes was misclassified). We conclude that individual differences between two neighbours in the rendition of a shared strophe exist and that they are stable from one breeding season to the next: frequency and time parameters ( Figure 3 ) are individually distinct for a song type shared by two neighbours.
Neighbour-stranger discrimination
Birds did not approach the loudspeaker during the five minutes of observation before the test, so we only present results for the TEST and POST-TEST periods, lasting 5 min each. During the playback (TEST) males performed more flights, approached closer and spent more time within 5 m of the loudspeaker in response to a stranger unshared song than in response to a familiar, often shared neighbour song. The same but smaller differences were observed during the five minutes following the playback, the POST-TEST (Table 2) . We performed two principal component analyses (both for the TEST and POST-TEST period), taking into account the closest approach, the time spent within 5 m and the number of flights over the loudspeaker. The first factor explained between 55% (TEST) and 61% (POST-TEST) of the variance and all three behavioural measures had important weightings on this factor (Table 3 ). The comparison of the individual factorial coordinates on the first factor (paired t-tests) yielded clear-cut results, indicating that males have the ability to discriminate between a familiar, often shared neighbour song and an unshared stranger one (Table 3) . Responses were recorded during the 5 min of playback (TEST) and during the 5 min thereafter (POST-TEST).
A closer look at the data showed that 11 out of 23 males performed flights over the 'stranger' loudspeaker (6 of them during the TEST period and 6 during the POST-TEST) whereas only one male did so for the 'neighbour' loudspeaker (during both periods). Moreover, 15 out of 23 males approached the 'stranger' loudspeaker to a distance less than 5 m (10 during the TEST period and 8 during the POST-TEST period) whereas only 3 did so for the 'neighbour' loudspeaker (during both periods).
In 2008, five of the nine males tested with the songs of their previous year neighbour and a stranger did not react to our playback tests. The four remaining birds approached the loudspeaker more closely during the 'stranger' treatment than during the 'neighbour' stimulus. Three of these four males ap- Table 3 . Variance explained by the first factor of a PCA, loading factors of three behavioural measures (the minimal approach distance, the time spent within 5 m of the loudspeaker and the number of flights over the loudspeaker) on the first factor and the statistical comparisons of the responses of 23 male black redstarts to the neighbour and stranger stimuli.
Period
Variance explained PC1 (%) Responses were recorded during the 5 min of playback (TEST) and during the 5 min thereafter (POST-TEST). Birds were tested on their arrival day from migration; two males (M 2 and M 4 ) were tested in the absence of their neighbour, whereas in the other two cases the neighbour arrived on the same day as the tested males (M 1 and M 3 ). One male (M 4 ) was tested in two consecutive days.
proached the loudspeaker to a distance less than 5 m during the TEST period for the 'stranger' treatment but did not approach within 5 m for the 'neighbour' treatment. Only one male flew over the loudspeaker and this was for a 'stranger' stimulus (Table 4) .
Discussion
Between-year repertoire stability and song sharing patterns
Our follow-up of male black redstart songs during two and three consecutive breeding seasons suggests that black redstarts do not modify their strophe repertoires from their second breeding season onwards. In more detail, our data suggest that once black redstarts reach the age of two, their song and strophe repertoire seem to be almost entirely fixed. Males do not seem to modify their strophe repertoire from their second breeding season onwards but small modifications may be possible in the combinations of their strophes.
In our population, birds have a patchy individual distribution with bunches of houses (hamlets) hosting 1 to 8 different singing males. There is extensive strophe sharing between birds occupying the same hamlet (81%) but not between birds from different hamlets (15%). The two main questions on song sharing have always been how it comes about and what is its functional significance (Beecher & Brenowitz, 2005) . Concerning the proximate mechanism, the high degree of song sharing between males within a group of houses results most likely from vocal imitation. Beecher et al. (1994) highlighted that sharing will be high in any population where birds remain in (resident population) or return to (migratory population) the area where they learned their song types. The black redstart is an example of the second condition but the precise sensitive phase for song learning has still to be determined in black redstarts. We know that song learning occurs during first autumn, when males are 80-120 days old (Nicolai, 1992) . Next spring, when back from migration, males could establish territories as first year breeders where they first learned songs in autumn. However, these territories may be still occupied by males aged two or older -black plumage, as they return earlier than first year breeders -grey plumage (Weggler, 2001; Musseau, 2007) . A previous study showed that structural differences exist between the songs of one year old males and older ones (Cucco & Malacarne, 1999) but did not investigate repertoire composition differences. Further work is needed to establish if black redstarts are also able to learn songs from their neighbours during their first breeding season and if there is a big shift between year 1 and year 2 as it has been described for several species and especially well documented for the nightingale, Luscinia megarhynchos (Kipper & Kiefer, 2010) .
A stable individual signature
Despite the high similarity of shared songs, our spectrogram analyses showed the existence of subtle inter-individual differences between the shared song types of close neighbours and these differences were stable from one breeding season to the next. Individual differences of shared song types have been previously reported: for example, in the adult repertoires of song sparrows, Melsopiza melodia previously learned songs that are shared by most of their neighbours are retained but the plastic version of these song types is modified so that they become less similar to the versions of all neighbours having this song type (Nordby et al., 2007) . However, our results add new, longitudinal evidence, showing that an individual signature in bird song can be stable between two consecutive breeding seasons, as up to today has only been shown for few songbirds as the ortolan bunting (Osiejuk et al., 2005) or the white-crowned sparrow, Zonotrichia albicollis (Nelson & Poesel, 2009 ) and several non-songbird species (Peake et al., 1998; Gilbert et al., 2002; Grava et al., 2008) .
Neighbour-stranger discrimination
Black redstart males clearly discriminate between shared songs of neighbouring, familiar males and unshared songs of stranger males. A more aggressive response (more flights, closer approach, longer time spent near the loudspeaker) was observed towards the strangers' songs, confirming results found for several other songbird species (Stoddard, 1996; Briefer et al., 2008; Mathevon et al., 2008) . A few individuals could be tested during two consecutive years. In the second year, nine birds were tested immediately after they returned from the wintering areas, before or on the same day when their last year's neighbour arrived. The four responding birds reacted qualitatively more aggressively to stranger, unshared songs than to their old neighbours' partly or entirely shared songs. The five individuals that did not react to the playback tests were tested on days with low temperatures (study sites were between 800 and 900 m altitude and tests were carried out during the month of March) and they were not seen at all or heard singing during the test day. In our view low motivation is the most plausible explanation for the lack of response.
Neighbour-stranger discrimination can be explained through habituation (lower response to a familiar stimulus) or individual neighbour recognition but the observed difference may also result from a difference in response to a song shared by the owner or not. Long-term individual recognition of neighbours has only been reported for two songbird species and even if the results were clear-cut, both studies had low sample sizes, five and seven tested males, respectively (Godard, 1991; Forstmeier & Balsby, 2002) . Our results can reflect either additional evidence for males' long-term memory of their neighbours' songs or simply the ability to discriminate between a song also emitted by the birds and an unknown song. Further playback tests are needed to establish if black redstarts are able to discriminate between different renditions of a same song type, and thus individually recognise a neighbour, an ability that has been found for other songbirds. For example, song sparrows can discriminate between the same song type, sung by a stranger and a neighbouring bird (Wilson & Vehrencamp, 2001 ) and female great tits, Parus major are also able to discriminate between the same song type, sung by their mates and a stranger (Blumenrath et al., 2007) . The difficulty to carry out this kind of playback tests in our study was finding shared songs sung by unfamiliar birds for all individuals, as some song types were exclusively present in one hamlet. However, a possibility could be to return in the field once all of the tested individuals have disappeared and test the new residents with shared familiar songs of their neighbours and shared unfamiliar songs of previous territory occupiers, recorded between 2002 and 2008. Even if black redstarts' ability to discriminate between different renditions of a same song type remains to be proven, our song analyses reveal the existence of a possible acoustic basis for this kind of discrimination.
Overall, our study presents data on song organisation, song sharing patterns, inter-annual repertoire stability and song-type stability as well as neighbour-stranger discrimination in a migratory songbird. Between-year repertoire stability suggests that males black redstarts do not modify their strophe repertoire composition once they reach their second breeding season. Inter-annual song type stability may be of practical interest (if used as a monitoring method for endangered populations of this species, as the British one) as well as theoretical: our data clearly suggest that individual and inter-annual stable differences may serve as an acoustic basis for longterm recognition in songbirds. More experiments are needed to understand if black redstarts discriminate between different renditions of the same song type and if they use between-year song type stability as a basis for long-term individual recognition.
